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ABSTRACT 
 
There has been an increase in the percentage of individuals employed in sedentary 
occupations over the last 50 years. Prolonged sedentary time has been associated with 
poorer cardiometabolic health. Interrupting prolonged sedentary activity may 
attenuate the risk of developing cardiometabolic disease. This study aimed to 
determine whether prompts delivered via a mobile phone were effective in reducing 
sedentary behaviour (measured objectively using an Actigraph and activPAL 
accelerometer) in people with sedentary occupations. Twenty men and women were 
randomly assigned to either a control or intervention (PROMPT) group. Only 
participants in the PROMPT group were instructed to interrupt their sedentary 
behaviour. During the intervention participants in the PROMPT group spent less time 
in sedentary behaviour (5.5±0.5 hrs/day) during their working day, compared to the 
control group (6.7±0.6 hrs/day) as measured using the activPAL (p=0.04). There was 
no association between the intervention and cardiometabolic health variables. There 
were differences in the outputs of ActiGraph and activPAL accelerometers. 
Interrupting prolonged sedentary time via mobile phone messages may be an 
effective strategy in reducing total sedentary time in the workplace.  
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CHAPTER 1 – INTRODUCTION 
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1.1 The movement continuum and health 
The changes in personal and public transportation and the advancement of 
workplace and domestic technologies (including methods of communication and 
entertainment), has resulted in a reduction in the demand to be physically active. 
(Owen et al., 2010). Global physical activity levels have been declining rapidly 
due to reductions in movement in the workplace, home and travel (Ng and Popkin, 
2012) and populations have become more sedentary (Owen et al., 2010). 
Sedentary behaviour is the term used to describe activities of low energy 
expenditure with particular reference to sitting or similar activities such as those 
during transportation, television viewing or computer use (Tremblay et al., 2010). 
Light intensity activities, that used to be performed regularly in outside/non-office 
occupations (such as walking, or household tasks), have also declined in recent 
decades and have been displaced by time spent in sedentary behaviour (Owen et 
al., 2010). It is estimated that 53.9% of adults in the United States meet the current 
guidelines for the recommended levels of physical activity (Hart et al., 2016), 
guidelines which focus largely on time spent in moderate-to-vigorous physical 
activity (MVPA). Daily movement is now being considered as activities of varying 
intensity on a continuum. Participation in MVPA is known to have beneficial 
associations on cardiometabolic health, however MVPA only contributes to a 
small proportion (<5%) of our daily activities (Chaput et al., 2014), with light 
intensity physical activity and sedentary time both contributing to a significant and 
distinct proportion of our waking day activities (Figure 1). It is now thought that 
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offsetting one movement or behaviour for another (for example, sedentary time for 
time spent in light physical activity) may have positive consequences for one’s 
health. 
 
Figure 1. Estimated daily proportion of movement behaviour. Figure adapted from 
Chaput et al., 2014 
 
1.1.1 Transition into sedentary occupations 
Over the past 50 years, in the United States, there has been an increase in the 
percentage of individuals employed in sedentary occupations (Church et al., 2011). 
Similarly, there has been a decline in occupations that require moderate intensity 
physical activity (Figure 2). With the increase in sedentary occupations, there is 
increasing interest in evaluating the behaviour of sedentary workers, and the effects 
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of reduced MVPA and increased sedentary time on health (Straker & Mathiassen, 
2009).  
 
Figure 2. The prevalence of occupations that involve sedentary, light and moderate 
intensity activities between 1960 and 2008 in the US. From Church et al., 2011. 
 
1.1.2 Synopsis of sedentary behaviour and cardiometabolic disease risk 
Several systematic reviews on studies of activity and health have documented the 
relationship between increased sedentary time and an increased risk of 
cardiometabolic disease (Dunstan et al., 2012a; Tremblay et al., 2011; Ford & 
Casperson, 2012). The risk of cardiovascular and/or metabolic disease can often be 
reduced through means of lifestyle modification or intervention. Hence, physical 
activity guidelines have been established in order to curb the increased risk in 
cardiometabolic disease associated with poor lifestyle choices. There is a growing 
body of evidence describing the deleterious effects of increased sedentary behaviour 
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on cardiometabolic disease risk. Despite this evidence, current recommendations of 
physical activity are still stated with a focus on MVPA without considering the 
inclusion of recommendations for the modification of sedentary behaviour. It is now 
widely accepted that sedentary behaviour is part of a continuum with MVPA, and that 
guidelines for reducing prolonged periods of sitting need to be clearly stated. 
Ultimately, displacing prolonged bouts sedentary behaviour with that of light 
intensity activity may be an effective strategy for improving lifestyle related health 
outcomes (Buman et al., 2010). 
Cardiometabolic disease is a major contributor of the morbidity and mortality in low-
and-middle income countries (LMIC), such as South Africa (Yusuf et al., 2014). In 
2012, the World Health Organization released statistics highlighting the rise of 
diabetes and other non-communicable diseases (NCDs) within the sub-Saharan 
African region (World Health Organization, 2012). While the reported cases of 
infectious diseases outnumbered NCDs in 2008, it was estimated that NCDs could 
become the primary cause of mortality in African countries within the next two 
decades (Peer et al., 2014). The increase of diabetes is predicted to rise from 19.8 
million in 2013 to 41.5 million cases in the African region by 2035 (Peer et al., 
2014). In 2015, it was reported that over half of the 460 236 deaths recorded in South 
Africa, were attributed to NCDs (Statistics South Africa, 2017). One of the primary 
contributing factors to NCDs in South Africa, and other sub-Saharan African 
countries, is insufficient physical activity and associated metabolic disorders such as 
obesity and insulin resistance (BeLue et al., 2009).  
6 
 
Despite there being evidence that a decrease in sedentary behaviour improves 
cardiovascular and metabolic health, a simple but effective intervention, which 
encourages individuals to reduce prolonged sedentary time, is lacking. Furthermore, 
those that have been done have not conclusively agreed on the ideal method of 
interrupting prolonged sedentary behaviour and have shown inconsistent findings 
(Peddie et al., 2013; Altenburg et al., 2013; Holmstrup et al., 2014). Prompts 
delivered via a mobile phone may be an effective method of interrupting prolonged 
sitting time. Nowadays, devices such as mobile phones are available to most of the 
African population (approximately 89% of adults (Poushter & Oates, 2015)), despite 
socioeconomic status, and these devices provide simple and relatively cost-effective 
means of communication. Studies that have been able to successfully interrupt 
sedentary behaviour have shown that the threat of disease risk alone may not be 
enough to encourage people to reduce their sedentary time (Evans et al., 2012) and it 
is possible that people need to be reminded often in order to effectively reduce 
prolonged periods of sedentary time. Currently, guidelines for sedentary behaviour 
exist for Canadian children (Trembley et al., 2011) and 24 hour movement behaviour 
guidelines have been developed and are now in use for children and youth in Canada 
(Tremblay et al., 2016). Guidelines are also being developed and implemented, 
predominantly for desk-based employees, in the UK (Buckley et al., 2015). However, 
more research in activity behaviours in adults is needed in order to further develop 
guidelines for workplace behaviour modification, as a way of protecting 
cardiometabolic health. 
7 
 
1.2 Problem statement 
The deleterious effect of prolonged sedentary time on cardiometabolic health has 
been well documented, globally, in observational studies. The association between 
the time spent in prolonged bouts of sedentary behaviour and cardiometabolic health 
in South Africans with sedentary occupations is not clear. An effective method of 
interrupting sedentary behaviour may be through prompts delivered via a mobile 
phone, as these devices are commonplace in modern day society. Interrupting 
prolonged periods of occupational sedentary time may attenuate the negative effects 
associated with increased sitting time. To date, intervention studies have provided 
inconclusive reports on the efficacy and benefit of interrupting workplace sedentary 
time.  
1.3 Aim, objectives and hypotheses 
The present study aimed to determine whether prompts delivered via a mobile phone 
were effective in interrupting and reducing the amount of time spent sedentary during 
the working day. The study also aimed to determine whether these interruptions in 
sedentary time (delivered over a 10-week period) were associated with 
cardiometabolic health.  
The objectives of this study were to: 
 interrupt prolonged periods of sedentary time using prompts delivered via a 
mobile phone. 
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 reduce the amount of time spent sitting during the day. 
 measure markers of cardiometabolic health before and after the intervention 
aimed at interrupting sedentary time. 
 determine the association between sedentary time, and time spent in physical 
activity on cardiometabolic health. 
 
I hypothesised that interrupting sedentary behaviour, with the aid of messages 
delivered via a mobile phone, would be an effective method of reducing the amount 
of time spent sedentary, and would have a positive effect on the blood markers of 
cardiometabolic health. Those who spend less time in sedentary behaviour, and have 
more interruptions in their sedentary time during the day would have better 
cardiometabolic health.  
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CHAPTER 2 – LITERATURE 
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2.1 The rising prevalence of inactivity 
Urbanization has allowed access to technological advances and the development of 
infrastructure and personal/public transport systems to contribute to a decrease in 
daily physical activity and a more sedentary lifestyle (Matthews et al., 2008). There 
has been an increase in workers employed in more sedentary occupations which 
involve low amounts of physical activity (Kirk & Rhodes, 2011; Straker & 
Mathiassen, 2009; Church et al., 2011). Low physical activity itself has been 
associated with adverse metabolic conditions which contribute to an increased risk of 
hypertension, obesity and, diabetes (Warburton et al., 2006). Over the 10 year period 
between 1998 and 2008, there was a noticeable increase in overweight and obesity in 
the South African population, with more than 70% of women and 45% of men 
considered overweight (body mass index (BMI) >25 kg.m2) (Bradshaw et al., 2010). 
The weight gain was associated with concurrent increases in the incidence of 
hypertension, diabetes, high serum low density lipoprotein (LDL) cholesterol 
concentrations as well as physical inactivity (Bradshaw et al., 2010). Overall, the 
rapid transition from a rural to a more urbanized lifestyle has led to behavioural 
modifications resulting in lower physical activity levels and therefore an increased 
risk of NCDs (Micklesfield et al., 2014).  
 
The global increase in the prevalence of NCDs such as cardiovascular disease, certain 
types of cancer and type 2 diabetes, has been a growing concern to healthcare policy 
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makers for some time. It is estimated that NCDs are responsible for 38 million deaths 
each year worldwide, with approximately 75% of these occurring in low-and-middle-
income countries (LMICs) (WHO, 2012). The primary contributing factors to NCDs 
in South Africa, and other sub-Saharan African countries, include physical inactivity, 
high blood pressure (BP), hyperglycemia, and obesity (BeLue et al., 2009; Kruger et 
al., 2001). Until recently, particularly in African countries, the threat of 
communicable diseases were of greater concern and consideration where the majority 
of attention and resources are focused on the numerous cases of infectious diseases 
such as HIV and AIDS (Beaglehole & Yach, 2003) rather than those concerning 
NCDs. However, a recent analysis of mortality in the South African population has 
revealed that NCDs were the primary cause of death recorded during 2015 (55.5% of 
total number of deaths), whereas communicable diseases attributed to 33.4% of total 
number of deaths, while injuries accounting for the remaining 11.1% of total deaths 
(Statistics South Africa, 2017). Non-communicable diseases including cardiovascular 
diseases, some cancers, chronic respiratory diseases and diabetes are thought to be 
preventable - up to 80% of heart disease, stroke, diabetes (Type II), and over a third 
of cancers could be prevented by decreasing shared risk factors such as tobacco use, 
unhealthy diet and physical inactivity (Shisana et al., 2014).  Increasing physical 
activity has been shown to mitigate the factors contributing to the development of 
NCDs (Lee et al., 2012). 
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2.2 Physical activity, physical inactivity and sedentary behaviour 
Physical activity is defined as “any bodily movement produced by skeletal muscles 
that result in energy expenditure” (Caspersen et al., 1985). Exercise is therefore a 
subdivision of physical activity, which is typically structured and repetitive with the 
aim to improve one’s physical fitness (Caspersen et al., 1985). The energy cost of 
physical activities can be expressed as a multiple of the resting metabolic rate (MET). 
One MET is defined as the amount of oxygen consumed at rest and is equal to 
3.5mlO2.kg-1.min-1 (Jetté et al., 1990). The current physical activity guidelines set by 
the American College of Sports Medicine (ACSM), recommends that healthy adults 
(18-65 years of age) perform at least 30 minutes per day of moderate-intensity 
cardiorespiratory exercise training (between 3 and 6 METs) on 5 or more days per 
week (total time of ≥150 min/wk), at least 20 minutes per day of vigorous intensity 
(≥6 METs) exercise on 3 or more days per week (total time of ≥75 min/wk) or a 
combination of moderate and vigorous-intensity physical activity which results in an 
energy expenditure of between 500 and 1000 MET minutes per week (Garber et al., 
2011) (ACSM, 2013). Physical inactivity can therefore be defined as an activity level 
(and thus energy expenditure) that is insufficient to meet the current physical activity 
recommendations (Lee et al., 2012).  
 
Sedentary (from the Latin word sedere, “to sit”) behaviour is the term used to 
describe activities of low energy expenditure (<1.5 METs) (Tremblay et al., 2010) 
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and includes activities such as sitting, lying down, and forms of screen-based work or 
entertainment (Pate et al., 2008). A consensus statement has recently been published 
providing sedentary behaviour guidelines to desk-based employees in the UK 
(Buckley et al., 2015). The guidelines suggest that desk-based employees stand, or 
engage in light intensity physical activity for two hours daily, and potentially increase 
this duration to four hours or more per day in order to attain the greatest health risk 
reduction (Buckley et al., 2015). Daily movement – consisting of activities of varying 
intensities – is now being considered a continuum, with MVPA contributing to a 
small proportion of the total day (Figure 1). Hence, a substantial proportion of one’s 
waking day can be spent in sedentary behaviour or activities of light intensity. It is 
now believed that displacing prolonged sitting or sedentary time with activities of 
light intensity, such as stepping time (achievable during workplace settings), may 
have cardiometabolic health benefits, particularly through glucose and lipid 
metabolism (Healy et al., 2015) 
 
For the purpose of this dissertation, being physically active will refer to meeting the 
150 min/wk MVPA guidelines; inactivity will refer to not meeting the 
abovementioned guidelines while being sedentary will refer to spending a significant 
proportion of one’s day in sitting or lying behaviour. 
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2.3 Measuring sedentary behaviour and physical activity 
2.3.1 Measuring sedentary activities and sedentary patterns 
It is important in behavioural epidemiological research to accurately measure and 
report on, not only activity and different intensities of activity, but also behavioural 
patterns that may have an effect on overall metabolic health between and within 
individuals over time (Atkin et al. 2012). Understanding sedentary behaviour 
patterns, and how sedentary time is accumulated, may allow for effective intervention 
strategies to be developed and implemented in order to encourage more active 
lifestyles (Biddle et al., 2004). The methods of assessing sedentary behaviour include 
subjective measures (self-report questionnaires and diaries/log-books), and objective 
measures which include the use of accelerometers, posture monitors, and heart rate 
monitors (Atkin et al. 2012). Despite the validity of certain subjective measurements 
of activity (such as the International Physical Activity Questionnaire (IPAQ) (Kim et 
al., 2013)), there have been reported cases of overestimation of physical activity 
(Hagstromer et al., 2010; Lee et al., 2011). In addition, the sedentary behaviour 
component of the IPAQ has generally shown to have a moderate to poor validity 
when compared to objectively measured sedentary behaviour (Booth et al., 2003; 
Hagströmer et al., 2006). Objective methods of assessing sedentary behaviour have 
been shown to be reliable in epidemiological studies (Chen & Bassett, 2005) and are 
effective in assessing participant compliance in intervention studies. 
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Multi-axis accelerometers, such as the ActiGraph wGT3X-BT accelerometer, are 
used predominantly for objectively assessing ambulatory activities, such as walking 
(John & Freedson, 2012) and are typically worn at the hip – although not limited to 
this position. When worn at the hip, accelerometers cannot accurately distinguish 
between seated and standing behaviours/activities (Chen & Bassett, 2005; Steeves et 
al., 2015) which therefore makes it difficult to differentiate between light-intensity 
and sedentary activities. However, postural, thigh-mounted devices, such as the 
activPAL accelerometers, have been shown to be better suited at distinguishing 
postural changes, particularly sitting and standing transitions, with greater accuracy 
than hip-based accelerometers such as the ActiGraph (Grant et al., 2006; Kozey-
Keadle et al., 2011). In order to determine which method of measurement and/or 
equipment is appropriate for a particular epidemiological study, one must determine 
the viability/feasibility when considering the strengths and limitations of each method 
in comparison to the burden and/or cost presented to both the principal investigator as 
well as the participant. These features of the different methods used to measure 
physical activity and sedentary behaviour are summarised in Table 1 (adapted from 
Atkin et al., 2012).  
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Table 1. Characteristics and limitations of different methods used to measure physical activity and sedentary behaviour. 
 SUBJECTIVE OBJECTIVE 
Self-report 
questionnaires Diaries 
Accelerometry Heart rate/combined 
sensing Ambulatory Postural 
Example IPAQ  ActiGraph ActivPAL Actiheart 
Cost Low Low Moderate Moderate High 
Population Adults Adults All population 
groups 
All population 
groups 
All population groups 
Participant burden Low Moderate Low Low/moderate Low/moderate 
Researcher burden Low Moderate Moderate Moderate Moderate/high 
Dimensions 
assessed  
Specific physical activity 
and sedentary behaviours, 
environmental and social 
context 
Specific physical 
activity and 
sedentary 
behaviours, 
environmental 
and social context 
Total physical 
activity including 
activities of different 
intensity, total 
sedentary time, 
including bouts and 
breaks 
Energy 
expenditure, step 
count/time, activity 
score, time spent 
sitting/standing, 
posture transitions 
Physical activity 
intensity, frequency and 
duration 
Strengths Information on behaviour 
type and context useful for 
intervention design 
May be used to 
assess concurrent 
behaviours 
Substantial literature 
on application and 
analysis 
Able to distinguish 
sitting/standing 
Combined movement 
and physiological data 
aid identification of 
monitor wear time 
Limitations Subject to recall and 
reporting bias 
Subject to recall 
and reporting 
bias, validation 
studies lacking 
No consensus 
regarding data 
processing 
Validation studies 
in free-living 
conditions lacking 
Formal validation 
studies lacking 
*Table adapted from Atkin et al., 2012 
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2.3.2 The relationship between physical activity and physical fitness and the 
measurement thereof 
Maximal aerobic capacity or maximum oxygen uptake (VO₂max) describes the 
maximum volume of oxygen that is transported from the air to the mitochondria to be 
used in the process of oxidative phosphorylation in order to create energy in the form 
of adenosine triphosphate (ATP) (Levine, 2008). Maximum oxygen uptake is 
generally used to best indicate one’s ability to use oxygen for energy production and 
is therefore a surrogate measure of cardiorespiratory fitness (Astorino, 2009; Levine, 
2008) and health (Kodama et al., 2009). Cardiorespiratory fitness has been shown to 
be a strong predictor of cardiometabolic disease and metabolic syndrome (Kodama et 
al., 2009; Ekblom et al., 2015). Cardiorespiratory fitness is usually assessed using a 
progressive incremental exercise test to volitional fatigue, in order to determine 
maximal aerobic capacity. Maximum oxygen uptake can be measured and defined 
using the Fick’s equation (Levine, 2008): 
VO₂max (mLO₂.kg-1.min-1) = Cardiac Output (CaO2 – CvO2) 
Participating in regular physical activity – defined as bodily movement resulting in 
energy expenditure – relates to changes in physical fitness (Caspersen et al., 1985). 
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2.3.3 Summary of measurements and equipment for use in sedentary population 
studies  
Methods of assessing sedentary behaviour, and the outcome of lifestyle modification 
on health, are not without their limitations. The ideal measurements and/or equipment 
for use in sedentary behaviour studies would need to: 
 be adept at distinguishing postural changes or differences (i.e. 
sitting/standing) 
 be accurate and reliable (validated in sedentary behaviour research)  
 pose little burden on researcher and participant 
 yield data that can be analysed and interpreted efficiently and 
effectively (Healy et al., 2011a) 
 
A combination of subjective (self-report) and objective (accelerometry) methods of 
activity measurement would therefore be ideal in epidemiological intervention studies 
pertaining to sedentary behaviour or lifestyle modification.  
 
2.4 The effects of sedentary behaviour, physical activity and 
inactivity on cardiometabolic health  
It is well known that participating in regular physical activity also translates to an 
improved physical fitness (Blair et al., 1989; Pate et al 1995), resulting in an 
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individual being able to carry out habitual activities without excessive fatigue 
(Caspersen et al., 1985; Warburton et al. 2006). As a result, an increase in one’s 
physical fitness reduces the risk of premature death (Erikssen, 2001). High levels of 
physical activity have been associated with a lower risk of mortality (Wen et al., 
2011) in a dose-dependent response, but beyond certain duration, have no additional 
benefits (ACSM, 2013). Increased physical activity has been found to improve 
cardiometabolic health through several mechanisms. These mechanisms include a 
reduction in abdominal obesity (Kay & Singh, 2006), improved lipid profile 
(Thompson et al., 2001), improvements in endothelial function (DeSouza et al., 
2000), BP (Arroll & Beaglehole, 1992), blood glucose homeostasis (Boulé et al., 
2005) and insulin sensitivity (Balkau et al., 2008) as well as a reduction in systemic 
inflammation (Warburton et al., 2006). In 2003, the South Africa Demographic and 
Health Survey reported 48% of adult men and 63% of adult women to be physically 
inactive with only 23.6% of adult men and 14% of adult women sufficiently active 
(the remaining 28.4% of adult men and 22.9% of adult women only minimally active) 
(Department of Health MRC, 2007). Improving our daily energy expenditure by 
taking part in more activity, which inevitably leads to less sedentary time, has also 
been shown to be associated with reduced risk of premature death from all cause 
(Nocon et al., 2008), and from cardiometabolic disease (Pate et al., 1995) in men and 
women (primary prevention) and aids in reducing risk of mortality in those with 
already established chronic cardiovascular diseases (secondary prevention) 
(Warburton et al., 2006). To reiterate, an individual is classified as inactive if he/she 
does not meet the recommended physical activity guidelines pertaining to his/her 
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demographic. Whereas, sedentary time refers to the total time of activities of low 
energy expenditure and includes a postural component of how this time is accrued. 
 
There is a wealth of literature, typically cross-sectional studies, which have aimed to 
determine the associations between sedentary time (and how sedentary time is 
accumulated) and disorders relating to cardiometabolic and cardiovascular disease 
(Healy et al., 2011b; Dunstan et al., 2007; Cooper et al., 2012; Wijndaele et al., 2011; 
Pereira et al., 2012; Ford & Caspersen, 2012). A recent meta-analysis concluded that 
a greater amount of time spent in sedentary activity increased the odds of developing 
metabolic syndrome by 73%, and that the risk of developing metabolic syndrome 
could be reduced by encouraging people to lessen their sedentary behaviour 
(Edwardson et al., 2012). The reported association between increased time spent in 
sedentary behaviour and risk of metabolic dysfunction is characterized by decreased 
high-density lipoprotein cholesterol (León-Latre et al., 2014), decreased insulin 
sensitivity (Stephens et al., 2011), increased plasma triglyceride levels (Tremblay et 
al., 2010; Owen et al., 2010) and elevated C-reactive protein (CRP) levels (Cooper et 
al., 2012). The above associations are independent of the time spent in MVPA 
(Cooper et al., 2012; Owen et al., 2010; Edwardson et al., 2012) as well as diet 
(Katzmarzyk et al., 2009). 
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Recently, rather than the amount of time spent being inactive, attention has been 
directed towards time spent being sedentary, and the associations of sedentary 
behaviour with cardiometabolic health. Individuals who meet the recommended 
physical activity guidelines for the maintenance of cardiometabolic health may also 
spend the remainder of their day (i.e. 23.5 hours) in sedentary activity. This idea was 
conceptualised well by Dunstan and colleagues using the terms “active couch potato” 
and “active non-couch potato” (Dunstan et al., 2010) (Figure 3). Figure 3 is a visual 
representation of two individuals, both whom meet the current recommended physical 
activity guidelines set by the ACSM. The “active couch potato” spends the majority 
of the day sedentary or in activities of low energy expenditure (<1.8 METs), 
alternatively the “active non-couch potato” spends the majority of the day in light 
intensity activities (1.8-3.0 METs) with less time spent in sedentary activities 
(Dunstan et al., 2010). Both individuals meet the recommended MVPA criteria for 
health enhancement however, it is demonstrated here how the “active couch potato” 
is likely to be at higher risk of cardiometabolic disease, due to prolonged time in 
sedentary activities. The concept that individuals may still be at risk of developing 
cardiometabolic diseases, regardless of whether MVPA guidelines had been met, had 
implications on whether displacing prolonged periods of sedentary behaviour (similar 
to that of the “active couch potato” or individuals with sedentary occupations) with 
non-sedentary/light intensity activities lead to improvements in cardiometabolic 
health.  
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Figure 3. A theoretical representation of the sedentary behaviour and physical activity 
of two individuals, both of whom meet the recommended physical activity guidelines. 
Figure taken from Dunstan et al., 2010. 
 
There is now evidence to suggest that offsetting the amount of time spent sedentary 
by increasing the amount of light physical activity (such as household tasks and 
walking) during the day, is positively associated with cardiometabolic health (Carson 
et al., 2013). The Australian Diabetes, Obesity and Lifestyle (AusDiab) study was 
established to determine the prevalence of diabetes and heart disease in a developed 
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nation (Dunstan et al., 2002). The findings from the AusDiab study demonstrated for 
the first time using objective methods that light intensity physical activity was 
beneficially associated with markers of cardiometabolic health independent of MVPA 
time, while sedentary time was unfavourably associated (Healy et al., 2008). These 
findings are particularly important, as light intensity physical activities have been 
reported to contribute to a large proportion of one’s total daily energy expenditure 
(Figure 1) (Hamilton et al., 2007) compared to moderate and vigorous intensity 
activity. Substituting sedentary behaviours, such as television viewing time, with time 
spent in light intensity physical activity, such as household tasks, may be an effective 
strategy in lowering the risk of type 2 diabetes and cardiovascular disease (Healy et 
al., 2008). Similar associations were found in another cross-sectional study which 
aimed to use objective accelerometry on 483 Japanese adults to determine whether 
light-intensity lifestyle activities (categorised between 1.6-2.9 METs) and sedentary 
time (≤1.5 METs) was associated with metabolic syndrome, independent of MVPA 
(Kim et al., 2013). Both light intensity activity and sedentary time was found to be 
associated with metabolic syndrome, independent of MVPA and it was concluded 
that light intensity activities should be promoted in addition to MVPA (Kim et al., 
2013). In addition, isotemporal substitution models have been used to estimate a 
displacement or “substitution effect” of replacing activities of one intensity (i.e. 
sedentary activities) with those of a different intensity (i.e. light physical activities) of 
an equal duration (Buman et al. 2010). The outcome from an isotemporal substitution 
from Buman and colleagues suggested that both low-light, and high-light intensity 
physical activity were positively related to physical health in older adults, and that 
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displacing 30 minutes of sedentary time each day with equal amounts of low- and 
high-light intensity physical activity had positive health benefits (Buman et al., 
2010). Furthermore, there have been several more cross-sectional studies finding 
similar relationships between light intensity physical activity and overall health 
(Healy et al., 2007; Healy et al., 2008; Loprinzi, 2016) and it has been suggested that 
sedentary behaviour should be viewed as a distinct and independent risk factor for 
chronic disease, rather than simply a lack of physical activity (Saunders et al., 2012).  
2.5 The mechanism of prolonged sedentary time and the adverse 
effect on cardiometabolic health. 
The mechanism of sedentary time and the adverse effect of prolonged, uninterrupted 
bouts of sedentary time on cardiovascular and metabolic health is not fully 
understood. One proposed mechanism is thought to involve the loss of thousands of 
muscular contractions throughout the waking day due to sitting for long periods of 
time (Hamilton et al., 2007). The decreased muscle activation leads to a diminished 
cumulative energy expenditure which in turn has a negative effect on metabolism 
(Hamilton et al., 2007), WC and body mass (Owen et al., 2010). It is also believed 
that several hours of uninterrupted sedentary behaviour results in decreased activity 
of lipoprotein lipase (LPL) - an enzyme partly responsible for the breakdown of 
triglycerides, facilitation of free fatty acid uptake into skeletal and adipose tissue, and 
HDL cholesterol production (Tremblay et al., 2010; Owen et al., 2010; Hamilton et 
al., 2004). Low levels of LPL activity are thought to induce dyslipidemia and may 
increase the risk of cardiovascular disease (Hamilton et al., 2007; Tremblay et al., 
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2010). Decreased muscle LPL activity occurred in both acute and chronic cases of 
inactivity in rats (Bey & Hamilton, 2003). This reduction in LPL activity was found 
to be reversible after a single (four hour) session of intermittent treadmill walking at a 
moderate intensity (Bey & Hamilton, 2003). It has been previously demonstrated that 
exercise induces human LPL gene expression, particularly in the skeletal muscle, and 
that more vigorous skeletal muscle activity may promote further increases in LPL 
production (Zhang et al., 1998). Furthermore, activities which produce low level 
energy expenditure could activate the postural muscles (i.e. legs and trunk) and it is 
theorized that this could elicit skeletal muscle LPL changes (Owen et al., 2010) 
(Figure 4). Although this has not been demonstrated in human trials, skeletal muscle 
LPL changes could play a role in promoting HDL cholesterol production and free 
fatty acid uptake and ultimately may lead to an overall improvement in metabolic 
health (Seip et al., 1995). These mechanisms have not been confirmed in intervention 
studies in humans.  
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Figure 4. Diagrammatic representation of increased LPL activity after substituting 
prolonged muscular inactivity with standing or activities of light intensity. Figure 
adapted from Zderic & Hamilton, 2005. 
 
2.6 Interrupting sedentary behaviour and the effects on 
cardiometabolic health– the evidence and mechanisms involved 
It has been postulated that interrupting prolonged periods of sedentary time (such as 
those that may occur in a sedentary workplace setting) is a possible method of 
negating the unfavourable metabolic health outcomes associated with a sedentary 
lifestyle. There are documented cross-sectional associations between sedentary time 
and several metabolic outcomes, some of which include waist circumference (WC), 
body mass index (BMI), triglycerides (TG), cholesterol and BP (Healy et al., 2008). 
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Further examination into the patterns of sedentary time has revealed that individuals 
with more frequent interruptions in their sedentary behaviour are often at lower risk 
of cardiometabolic complications compared to those with fewer interruptions (Healy 
et al., 2008; Bankowski et al., 2011). Nevertheless, it is difficult to determine 
causality from such cross-sectional studies.  
 
A few recent intervention studies have found simple prompts to be effective in 
reducing prolonged sedentary time in certain populations (Evans et al., 2012; Lang et 
al., 2015). In one of such studies, individuals who were exposed to an oral prompt to 
reduce sitting time were found to stand more compared to the control group who 
received no prompt (Lang et al., 2015). Investigators of another study informed two 
groups of participants of the benefits of reducing sitting time at work through a brief 
education session. Prompting software was installed in one of the groups’ workplace 
computers reminding them to stand up every 30 minutes while, the other group 
received no prompt. The prompting software was superior to education alone in 
reducing long uninterrupted sedentary periods at work, suggesting that people may 
need to be reminded frequently in order to effectively reduce prolonged periods of 
sedentary time (Evans et al., 2012). 
 
Current research, that has aimed to explore the association of prolonged sedentary 
behaviour on health, has found that adults who regularly interrupted sedentary time 
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had a better cardiometabolic profile than those whose sedentary time was mainly 
uninterrupted (Healy et al., 2008). Healy and colleagues objectively measured 
sedentary time for 7 consecutive days in 168 participants using accelerometers. Each 
interruption in sedentary time, defined as any activity resulting in ≥100 counts per 
minute (cpm) as recorded by the accelerometer, was considered a break. Healy et al. 
found that breaks in sedentary time were significantly associated with WC, BMI, 
triglycerides and 2-hour plasma glucose independent of total sedentary time and 
MVPA (Healy et al., 2008). Similarly, when assessing the association between total 
sedentary time and WC – an obesity-related health risk (Janssen et al.,2004) – the 
25% of people who took the most breaks had, on average, a 4.1cm smaller WC than 
the 25% of people who took the least breaks (Dunstan et al., 2011). Additional 
findings from several cross-sectional studies have demonstrated positive associations 
between breaks in sedentary time and a range of cardiometabolic risk variables 
including BMI (Saunders et al., 2013), High density lipoprotein (HDL), BP, WC, 
glucose and, insulin (Carson et al., 2014; Bankoski et al., 2011) with several of these 
studies accounting for MVPA as a possible confounder in their analyses (Saunders et 
al., 2013; Carson et al.,2014; Healy et al., 2011b).  
 
There is also evidence from intervention studies which suggests that interrupting long 
periods of sedentary time and substituting it with light intensity physical activity 
and/or standing may have a beneficial effect on metabolic outcomes in physically 
inactive individuals (Dunstan et al., 2012b; Peddie et al.,2013; Thorp et al., 2013). 
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However, intervention studies have reported conflicting findings, with some reporting 
little or no changes in metabolic health variables when interrupting prolonged 
sedentary time (Altenburg et al., 2013; Holmstrup et al., 2014) (Table 2). 
Additionally, many of the randomised crossover trials reported in Table 2 below, 
have looked at the effects of interrupting prolonged sedentary time in 
overweight/obese populations or individuals at high risk of developing metabolic 
disorders, yet few of these studies have interrupted prolonged sitting time in a sample 
of healthy, yet sedentary individuals. 
It is still unclear what mode, duration, intensity or frequency of physical activity is 
required during these breaks in sedentary time in order to see improvements in 
metabolic disease risk (Benatti & Ried-Larsen, 2015). In a recent study, ten healthy 
participants took part in a randomised cross-over design study in which each 
participant was required to complete three 5-hour trial conditions on three different 
occasions: 1) uninterrupted sitting; 2) sitting interrupted by standing, and 3) sitting 
interrupted by light intensity walking (Bailey & Locke, 2015). Each participant was 
instructed to drink solutions containing a mixture of carbohydrates, fat and protein 
(designed to best simulate a mixed meal) before commencing the trials in order to 
determine the post-prandial effect of each trial on glucose metabolism. The light 
intensity activity involved walking on a treadmill for two minutes, every 20 minutes. 
The study revealed that short, frequent bouts of light-intensity physical activity 
(walking) had favorable postprandial responses which may enhance cardiometabolic 
health. Importantly, this was not the case in the trial that interrupted sitting time with 
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standing alone (Bailey & Locke, 2015). Since standing is not considered a sedentary 
activity, the results of the abovementioned study have implications on the importance 
of the intensity of the breaks when interrupting sedentary time. Further research is 
needed in order to investigate what intensity is sufficient to elicit cardiometabolic 
health benefits.  
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Table 2. Summary of intervention studies: breaks in sedentary time and health outcomes. 
Author Sample Description of 
intervention 
 
Health/Variable 
Outcome 
Sedentary 
measure 
Covariates and 
confounders 
Outcome 
 
Pronk, 2012 34 participants  7 week period: 
Week 1-2: 
monitoring 
Week 2-6: 
Intervention 
Week 6-7: follow-up 
Change scores in 
sitting time, 
health risk 
factors, mood 
states (self-report) 
Self-report Not reported Positive  
(reduced pain, improved 
mood states). Outcomes 
negated two-weeks after 
completing the 
intervention 
Dunstan et 
al.,2012b 
19 
Overweight/obese 
men and women 
(age: 46-65y) 
Three 5-h trials: 
-Uninterrupted 
sitting 
-Sitting and LPA 
breaks 
-Sitting and 
moderate intensity 
PA breaks 
Glucose, Insulin ActiGraph 
accelerometer 
Age, sex, weight Positive  
(light-and-brisk walking 
breaks reduced 
postprandial insulin and 
glucose response) 
Peddie et 
al., 2013 
70 New Zealand 
men and women 
(age:18-40y) 
Three 9-h trials: 
-Prolonged sitting 
-Sitting interrupted 
with single bout of 
PA 
-Regular activity 
breaks 
Glucose, Insulin, 
TG 
Self-report Age, sex, BMI Positive  
(frequent breaks reduced 
postprandial insulin and 
glucose response) No 
effect on TG. 
Altenburg 
et al., 2013 
11 adults (5 men, 
6 women; age:18-
24y) 
Two 8-h trials: 
-Uninterrupted 
sitting 
-Sitting interrupted 
with cycling 
Postprandial C-
peptide, glucose, 
TG, cholesterol 
Self-report Did not adjust for 
demographic 
variables 
No differences in 
glucose, TG, cholesterol 
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Holmstrup 
et al., 2014 
11 obese 
participants 
(age:18-35y) 
Three 12-h trials: 
- Sedentary 
- Continuous 
exercise 
- Intermittent 
exercise 
Glucose, insulin, 
c-peptide 
Self-report Not reported No difference between 
breaks and glucose 
response. Positive change 
between breaks and 
insulin response and 
lowering c-peptides. 
Bond et al., 
2014 
30 
Overweight/obese 
men and women 
(age:21-70y) 
Three trials: 
-3-min break after 30 
min sitting 
-6-min break after 60 
min sitting 
-12-min break after 
120 min sitting 
Sedentary time, 
LPA, MVPA 
SenseWear 
Mini Armband 
accelerometer 
Did not adjust for 
demographic 
variables 
Positive  
(frequent, short activity 
breaks reduced total 
sedentary time) 
Thorp et al., 
2014 
23 
overweight/obese 
office workers 
(17 males, 6 
females; age: 35-
65y) 
Two 5-day trials  
- Prolonged sitting 
-Sitting interrupted 
with standing 
Insulin, glucose, 
TG, HDL, LDL 
ActiGraph and 
activPAL 
accelerometer 
Age, sex, time Positive change in breaks 
and glucose 
concentration. No change 
in insulin and TG. 
Bailey & 
Locke, 2015 
10 non-obese 
adults 
(7 males, 3 
females; mean 
age: 24.0±3.0y) 
Three 5-h trials: 
-Uninterrupted 
sitting 
-Sitting and standing 
breaks 
-Sitting and LPA 
Glucose, BP, 
cholesterol, HDL, 
TG 
Self-report 
(Borg rate of 
perceived 
exertion) 
Not reported No difference between 
breaks and lipidemia/BP. 
Positive change in breaks 
with light walking, but 
not standing. 
Abbreviations: MVPA; moderate-to-vigorous physical activity, PA; physical activity, LPA; light physical activity, HDL; high density lipoprotein, 
LDL; low density lipoprotein, TG; triglycerides, BP; blood pressure, BMI; body mass index. 
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Overall, the studies described in Table 2 above have conflicting results on health 
outcomes when prolonged sitting/sedentary time is interrupted. The studies 
mentioned above include intervention protocols that were relatively short in duration 
(Dunstan et al.,2012; Peddie et al., 2013; Altenburg et al., 2013; Holmstrup et al., 
2014; Bond et al., 2014; Bailey & Locke, 2015) as well as those over a longer period 
of time (Pronk, 2012; Thorp et al., 2014). These variations in the intervention 
protocols allow insight into the acute and chronic effects of interrupting sedentary 
time, yet the outcomes of the abovementioned studies seem inconsistent.  Five of the 
reported studies show a positive outcome between interruptions in sedentary 
behaviour and their primary investigated health variables (Pronk, 2012; Dunstan et 
al., 2012b; Peddie et al., 2013; Bond et al., 2014; Thorp et al., 2014). Three of the 
five studies mentioned above included overweight/obese participants which may 
explain the positive outcomes reported. Three of the reported studies show little or no 
change (Altenburg et al., 2013; Holmstrup et al., 2014; Bailey & Locke, 2015) which 
may be due to the small sample sizes included in the interventions. Additional 
intervention studies are needed to further investigate the effect of interrupting 
prolonged sedentary time on overall health outcomes in healthy, but sedentary 
individuals. Moreover, studies are needed to evaluate a practical and effective method 
in which to interrupt sedentary behaviour.   
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2.6.1 Summary 
In summary, there has been an evident rise in individuals employed in predominantly 
sedentary occupations (Church et al., 2011). Prolonged sedentary time has been 
shown to be associated with disorders related to cardiometabolic disease independent 
of MVPA (Healy et al., 2011b; Dunstan et al., 2007). Individuals who meet the 
recommended MVPA guidelines, but lead predominantly sedentary lifestyles, may 
have a higher risk of developing cardiometabolic disorders compared to those who 
are more active throughout the day (Dunstan et al., 2010). However, there is now 
evidence to suggest that interrupting prolonged sedentary time, and substituting 
sedentary time for time spent in light intensity physical activity, may elicit 
cardiometabolic health benefits (Buman et al, 2010; Dunstan et al., 2012a; Peddie et 
al.,2013; Thorp et al., 2013). However, intervention studies that have aimed to 
interrupt prolonged sedentary time have reported conflicting results (Bailey & Locke, 
2015) and do not conclusively agree on the best method to interrupt sedentary 
behaviour. In addition, few studies have aimed to determine the effect of interrupting 
prolonged sedentary behaviour in a sample of healthy participants with sedentary 
occupations. Many of the intervention protocols that involve a shorter trial duration 
when interrupting sedentary behaviour have shown conflicting results. Therefore, in 
order to determine whether interrupting sedentary behaviour leads to health benefits 
that accumulate over time, a longer intervention duration may be necessary. 
Furthermore, short but frequent interruptions in sedentary time (e.g. 20 minute 
intervals) may be feasible in workplace environments where employees often remain 
seated for long periods of time (Jans et al., 2007). Due to the ubiquitous increase in 
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the number of people employed in sedentary occupations, it is imperative that 
interventions are put into place in order to reduce the deleterious effects associated 
with a predominantly sedentary lifestyle. Ultimately, intervention protocols may need 
to be established which provide alternative means of activity prescription that are 
separate from the current activity guidelines set by the ACSM, in order for 
cardiometabolic health to be improved through modification of sedentary behaviour. 
  
36 
 
CHAPTER 3 – METHODS AND 
MATERIALS 
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3.1 Study design 
The study was conducted, following the CONSORT guidelines for randomised 
control trials (Schulz et al., 2010), at the School of Physiology Exercise Laboratory 
(6th floor), University of the Witwatersrand Medical School, Johannesburg. All 
participants completed a series of physiological assessments which included 
providing a blood sample for assessing metabolic health, anthropometric 
measurements, and measurements of BP and cardiorespiratory fitness (VO₂max) on 
their first visit to the laboratory. Physical activity and sedentary behaviour was 
assessed at baseline using subjective measures (physical activity (Appendix A) and 
sedentary behaviour (Appendix B) questionnaires) and during the intervention using 
objective (accelerometry) methods. Participants were randomised into either an 
intervention (PROMPT) or a control (CON) group. All participants in the PROMPT 
group received text messages via a mobile phone over a 10-week period instructing 
them to interrupt their sitting time during their working time on weekdays only. 
Participants in the CON group received no prompts and were asked to maintain their 
current habitual home, and workplace, routines. After the 10-week duration, all 
participants were invited to return to the School of Physiology Exercise Laboratory 
for post-intervention assessments and underwent the same physiological 
examinations that were performed at baseline (Figure 5).  
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Figure 5. Flow diagram of participant recruitment, study group allocation, and drop-
out over the 10-week intervention period 
Eligibility screening (n=21) 
Excluded (n=0) 
Analysed  (n=11) 
- Excluded from analysis (n=1) 
Follow-up (n=11) 
Discontinued intervention (n=1) 
Allocated to intervention group (PROMPT, n=12) 
Follow-up (n=9) 
Allocated to control group (CON, n=9) 
Analysed  (n=9) 
- Excluded from analysis (n=0) 
ALLOCATION 
ANALYSIS 
FOLLOW-UP MEASUREMENTS 
Randomized (n=21) 
ENROLMENT 
- Blood pressure measurement 
- Anthropometric measurements 
- VO2max 
- Blood sample collection 
ActiGraph and activPAL accelerometers worn for 7 days 
10-WEEK INTERVENTION PERIOD 
ActiGraph and activPAL accelerometers worn for 7 days 
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3.2 Participants 
Participants were men and women with predominantly desk-based/sedentary 
occupations recruited from the University of the Witwatersrand as well as from the 
surrounding Johannesburg CBD by distributing flyers advertising the study and 
through direct email communication by the primary investigator. Participants were 
required to visit the Exercise Laboratory before 10h00 and were asked to fast for 12 
hours before the assessment as well as to avoid strenuous activity for 24 hours prior 
to assessment. Participants in both the intervention and control groups were included 
in the study if they were between 18 to 45 years of age and were considered to be 
generally healthy as assessed using the general health questionnaire (Appendix C). 
All participants were also required to have access to a mobile phone capable of 
receiving text messages. Only participants who reported having sedentary 
occupations (more than 50% of their working day spent sedentary) were included for 
analysis in the study. Pregnant women or women who had entered menopause, 
diabetics, participants classified as obese (BMI >30 kg/m2), with a history of 
cardiovascular/metabolic disease or those who had had surgery within a year prior to 
assessment were excluded from the study. Participants on any medications used to 
treat cardiovascular/metabolic conditions or interfere with the cardiometabolic system 
were also excluded from the study. Participants were from an office-based workplace, 
or who had a similar office-based routine, which involved periods of prolonged 
sitting – and were used as a surrogate for a sedentary population. Overall health, 
medication use, any history of illness and/or hospital admissions as well as socio-
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economic status (assessed by answering questions pertaining to their total income - 
items that they owned - and level of education) was determined using the general 
health questionnaire. Twenty-one (n=21) men and women between 18 and 45 years 
of age volunteered to participate in this study, however one participant was unable to 
continue the intervention and discontinued due to personal reasons. Participants were 
randomly assigned into two groups: a control group (CON; n=9), and an intervention 
group (PROMPT; n=12) (Figure 5) using the Microsoft Office Excel CHOOSE and 
RANDBETWEEN functions. The CHOOSE and RANDBETWEEN functions 
(=CHOOSE(RANDBETWEEN(1,2), “A”,”B”) are able to assign each new 
participant into one of two group, in this instance A=CON and B=PROMPT.
All participants were fully informed of the procedures involved and were required to 
sign a written informed consent form (Appendix D) before commencement of the 
study. Participants were free to withdraw from the study, without prejudice, at any 
point. The study was approved by the Human Research Ethics Committee of the 
University of the Witwatersrand (protocol no.: M130229 – Appendix E) in 
accordance with the declaration of Helsinki.  
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3.3 Procedures and measurements 
3.3.1 General health screening, physical activity and sedentary behaviour 
questionnaire 
All participants were required to complete a general health questionnaire before 
involvement in the study in order to determine overall health status including any 
recent illness or medication taken in the last six months – this was done to determine 
eligibility for the study. Participants were also asked to report on their involvement in 
habitual physical activity during a normal week by completing a validated physical 
activity questionnaire (PAQ) (Hagströmer et al., 2006). This questionnaire gathers 
physical activity information from the workplace; travel to-and-from destinations, 
and recreational activities. Reported activities of light intensity were assigned a score 
of 3.3 METs, moderate intensity of 4.0 METs and, vigorous intensity of 8.0 METs 
(IPAQ Research Committee, 2005). The amount of time (in minutes) spent in 
activities of light, moderate and vigorous intensity was summed for the week, and 
energy expenditure was reported as MET-hours per week (MET-hrs/week) using the 
following equation: 
MET-hrs/week = ((minutes of light activity)*(3.3) + (Minutes of moderate 
activity)*(4.0) + (minutes of vigorous activity)*(8.0)) / 60 
 A validated sedentary behaviour questionnaire was used to assess each participant’s 
weekly sedentary time/behaviour (Rosenberg et al., 2010). The sedentary 
questionnaire required participants to report on the time spent in several lifestyle-
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related sedentary activities (for example: time spent watching television; time spent 
reading, and/or time spent in work related activities). The total time in sedentary 
activities was summed and reported as hours of sedentary time per week (hrs/week). 
All questionnaires were required to be completed upon the first visit to the laboratory.  
 
3.4 Pre-and post-intervention measurements  
3.4.1 Anthropometry and blood pressure 
Height (to the nearest mm) and weight (to the nearest 100g) was measured using a 
stadiometer (Holtain, Crosswell, UK) and electronic scale (Dismed, USA) 
respectively. Participants were measured without shoes and while wearing light 
clothing. Biceps, Triceps, supra-iliac and sub-scapularis skinfolds (to the nearest 
2mm) using Holtain skinfold calipers (Holtain Ltd, Crymmych UK), were used to 
determine body fat percentage of each participant using the following formulae 
(Durnin & Womersley., 1974) (Siri WE, 1961): 
Percentage body fat (%) = (495 / Predicted Body Density) – 450  
where, 
Predicted body density (g/ml) (males) = 1.1631 – (0.0631 LOG (Sum of the four 
skinfolds (mm))  
Predicted body density (g/ml) (females) = 1.1599 – (0.0717 LOG (Sum of the four 
skinfolds (mm)) 
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Brachial BP was measured in all participants by a qualified nurse using a 
sphygmomanometer and stethoscope (left and right arm). Each participant was 
instructed to rest for 5 minutes before BP was measured. The average of three 
measurements was used.  
 
3.4.2 Blood biochemistry 
Fifteen millilitres of blood was drawn by a qualified nurse from participants after an 
overnight fast before commencing the cardiorespiratory fitness assessment. Ten 
millilitres of blood was collected and analysed by a reputable external laboratory 
(NHLS, Clinical Laboratory Services) for serum insulin (fasting), glucose (fasting), 
total cholesterol, high-density lipoprotein (HDL) cholesterol, low-density lipoprotein 
(LDL) cholesterol, triglycerides and C-reactive protein (CRP). The remaining 5 
millilitres of blood was centrifuged immediately, aliquoted and stored at -8˚C and 
later analysed for serum lipoprotein lipase (LPL). Serum LPL concentration was 
detected using a solid phase sandwich ELISA which uses two types of highly specific 
antibodies (i.e. capture and detection antibodies) (Cell Biolabs, Inc. San Diego). The 
assay procedure involves immobilising 100μL of the sample of unknown antigen 
concentration (i.e. LPL), run in duplicate, using an antibody which is specific to the 
sample antigen (capture antibody), in a microwell plate. An enzyme-linked 
(detection) antibody is added, establishing a complex with the antigen. After several 
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“wash” phases, to remove unbound proteins or antibodies, a substrate is added that 
binds to the antibody-antigen complex which can be visibly detected and measured to 
determine the quantity of the antigen in the sample (LPL concentration). Insulin 
sensitivity was estimated using the homeostasis model assessment of insulin 
resistance (HOMA-IR) (Matthews et al., 1985) which uses the following formula: 
HOMA-IR = ((fasting serum insulin (μU/ml))*( fasting plasma glucose (mmol/l)) 
/22.5 
 
3.4.3 Cardiorespiratory fitness  
Cardiorespiratory fitness was assessed at baseline, and follow-up, in all participants 
after assessing anthropometry, BP, and after blood sample collection. 
Cardiorespiratory fitness was measured using a progressive incremental exercise test 
to volitional fatigue, on a treadmill (Startrac, Vancouver, Canada) in order to 
determine maximum oxygen uptake (VO2max). Maximum oxygen uptake was used to 
determine if there were any changes in physical fitness after the 10-week 
intervention. Oxygen consumption, carbon dioxide production, heart rate, ventilation 
and respiratory rate throughout the procedure were recorded using a computerized 
metabolic system with an integrated heart rate monitor and receiver (Quark ergo, 
COSMED, Rome, Italy). The metabolic cart was calibrated using gas (4% CO2, 16% 
O2, Bal. N2) and in air using a three litre calibration syringe before each 
cardiorespiratory fitness test. Participants began the test with a one minute warm-up 
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at a 0% gradient and at a self-selected speed. After the warm up phase, speed was 
increased to 5.3 km/h which remained constant for the remainder of the test. The 
gradient was then increased by 2% every minute until the participant reached 
volitional fatigue or test-termination criteria was met (ACSM, 2013).  
 
3.4.4 Accelerometry 
Habitual physical activity and sedentary behaviour levels were measured objectively 
in each participant using a triaxial ActiGraph accelerometer (wGT3X-BT, ActiGraph, 
LLC, Fort Walton Beach, FL). The ActiGraph accelerometer is able to objectively 
measure physical activity intensity by detecting both static and dynamic accelerations 
(John & Freedson, 2012). Accelerometers were provided to each participant during 
the first week of the intervention and again on completion of the intervention. 
Participants were instructed to wear the ActiGraph around their waist (using a Velcro 
elasticated belt) and on their dominant-side leg for seven consecutive days of 
assessment. Participants were instructed to only remove the ActiGraph during 
showering, bathing or swimming activity and before sleeping. The time and duration 
that the ActiGraph was removed during activities such as swimming was noted daily 
in a log (Appendix F). Participants were also instructed to record the time that the 
ActiGraph was removed before sleep, and the time the device was worn the following 
morning. The sleep data and log books were used for removing sleep information 
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from the activity data (sleep and non-wear). On completion of the seven day wear 
period, the ActiGraphs were collected and the data downloaded. 
 
The wGT3X-BT, programmed to record raw data at a frequency of 30Hz, was 
downloaded using ActiLife software (v6.11.9) (ActiGraph LLC). Data from the 
vertical acceleration axis were processed and summarised over 60 second epochs. 
The activity data were analysed using previously validated criteria (Choi et al., 2011; 
Sasaki et al., 2011) and processed using a custom built SAS program (McVeigh et 
al., 2016) (v9.3, SAS Institute, Cary, NC, USA). A 90 minute time window for 
consecutive zero/non-zero counts with tolerance for artefactual movement was 
allowed in order for the determination and removal of non-wear periods during the 
day (Choi et al., 2011). Any non-wear time and full days of non-wear time were 
removed. The remaining data were referred to as the ‘wear period’ which contained 
the valid data. Data requirements for a valid day included a minimum of 10 hours 
(600 minutes) of consecutive total activity and activity counts recorded per day (Choi 
et al., 2011). Data were included for analysis if there were four or more valid days. 
The ‘wear period’ was split into two categories, “all-day” and “working day”. The 
all-day period included all valid data that were recorded during the wear period 
(excluding sleep). The working day included all valid activity data between the hours 
of 09h00 and 17h00 only. Each 60 second epoch of data from all-day and working 
days were classified as sedentary if less than 100 cpm (Matthews et al., 2008), light 
intensity activity if between 100-2690 cpm and, moderate to vigorous intensity 
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activity if between 2691-6166 cpm (Freedson et al., 2011). The definition of a break 
in sedentary time has also been previously defined and validated as each period of 
≤100 cpm being interrupted by one minute or less of ≥100 cpm (Healy et al., 2008) 
(Cooper et al., 2012) (Matthews et al., 2008). Other variables of interest from the 
Actigraph accelerometer included the time spent in activities of different intensities 
(light physical activity and MVPA), the number of breaks from sedentary time, the 
number of prolonged bouts of sedentary time, and periods of prolonged sedentary 
time greater than, or equal to, 20 minute and 30 minute bouts. 
 
A second accelerometer, the activPAL (PAL Technologies Ltd, Glasgow, Scotland) 
was used to measure the sedentary behaviours of participants. The activPAL monitor 
is a small, lightweight device which requires no calibration, and records step number 
and instantaneous cadence for each period of walking (Ryan et al., 2006). 
Furthermore, the activPAL records postural changes as well as walking in real time 
(Ryan et al., 2006). Participants were instructed to wear the monitors, mid-thigh, on 
their dominant-side leg for seven consecutive days of assessment. The device is 
placed within a waterproof sleeve and secured to the leg using a water-resistant 
dressing. Participants were not required to remove the device during swimming or 
bathing activities or before sleeping. On completion of the seven day wear period, the 
activPALs were collected and the data downloaded. A minimum of four days of 10 
hours each wear was required for data to be analysed. Again, wear time was 
subdivided into two categories, “all-day” and “working day”. The all-day period 
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included all activity data, as well as sleep time (Lyons et al., 2017) as at the time of 
data analysis there was no automated algorithm for the removal of sleep from the 
activPAL and sleep times as recorded in the log book were inconsistent. Therefore a 
working day period was also used in the analysis of the activPAL data (09h00 to 
17h00). Variables of interest from the activPAL accelerometer included total 
sedentary time during the all-day period and the working day. 
 
3.5 Intervention 
Identically worded text messages delivered via a mobile phone were sent to 
participants in the intervention group throughout the 10-week period. The message 
body was phrased as follows: “Hi there, a reminder to please take a short walk of 
roughly 45-60 seconds (to fetch water; to the nearest window/elevator or colleague). 
Thank you”. These messages instructed the participants to stand and take a short walk 
of approximately 45–60 seconds. The messages were sent every twenty minutes 
between the hours of 09h00 and 17h00, Monday to Friday. In order to assess 
compliance, the participants in the intervention group were required to complete a 
daily log book (Appendix G) and record information such as the number of text 
messages received and the mode/number of interruptions to sedentary time. During 
the 10 week intervention, the control group continued with their daily workplace 
routines as before participating in the study. 
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3.6 Statistical analysis 
 Data were analysed using IBM SPSS Statistics Version 24 (IBM Corporation, NY) 
and expressed as means and standard deviation (SD). The Shapiro-Wilk test was used 
to determine if data were normally distributed, and relevant parametric or non-
parametric statistical tests were used. Significance was set at p ≤ 0.05. An unpaired t-
test was used to determine differences in anthropometric characteristics of 
participants at baseline. A Mann-Whitney U-test was used to determine differences in 
the energy expenditure and sedentary time reported from the physical activity and 
sedentary behaviour questionnaires. A repeated measures ANOVA (group and time 
as factors) with Tukey’s post-hoc test was used to determine whether objectively 
measured activity was different between the groups during as well as after the 
intervention. Statistical analyses of the objectively measured activity were performed 
for both the “all-day” and “working day” (09h00 – 17h00) period. A repeated 
measures ANOVA (group and time as factors) was then also performed to determine 
whether the intervention had a significant effect on cardiovascular measures, LPL, 
BMI and/or markers of metabolic health of the PROMPT and CON groups, before 
and after the intervention. If a significant interaction was observed, a Tukey’s post-
hoc test was again used to determine differences in anthropometry, cardiorespiratory 
fitness, BP, and blood markers of cardiometabolic health between participants in the 
CON and PROMPT groups. A Pearson correlation was performed to determine the 
association between sedentary behaviour and physical activity on the markers of 
cardiometabolic health. 
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CHAPTER 4 – RESULTS 
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Twenty-one (9 male, 12 female) healthy, but sedentary participants agreed to take 
part in the study. One participant withdrew, due to personal reasons, prior to post 
intervention measurements (Figure 2). Therefore, data from twenty participants were 
available for analysis. ActiGraph accelerometer data from 18 participants were 
included in the all-day group analysis, while data from 19 participants were included 
in the working-day analysis. This was due to participants not meeting valid day 
inclusion requirements. Similarly, activPAL data from 14 participants were available 
for analysis, as the remainder did not meet the valid day inclusion requirements. 
There were two missing data sets for BP due to unavailability of equipment at the 
time the participant was available for their visit to the laboratory. therefore data from 
18 participants were included in the analysis. A sufficient amount of blood could not 
be be obtained from one participant and therefore data from 19 participants were 
included in the analysis of cardiometabolic health markers. However, there was 
sufficient blood from all 20 participants for the analysis of serum LPL.   
 
4.1 Descriptive characteristics  
There were no significant differences in baseline and follow-up measurements for 
weight, BMI, percentage body fat, VO2max between CON and PROMPT groups. 
There were also no significant differences in subjective measures of physical activity 
and sedentary behavior at baseline between CON and PROMPT groups (Table 3). 
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Table 3. Descriptive characteristics, blood pressure, VO₂ max, sedentary time and physical activity of participants at 
baseline and post-intervention. 
 CONTROL (n=9)  PROMPT (n=11)  
 (4 male; 5 female)  (4 male; 7 female)  
 
Baseline Post-Intervention 
 
Baseline Post-Intervention 
Interacti
on 
p-value 
       
Age (years) 27.1 (5.9) 27.3 (5.7)  27.9 (5.4) 28.1 (5.3) 0.88 
Height (m) 1.7 (0.1) 1.7 (0.1)  1.7 (0.1) 1.7 (0.1) 0.53 
Weight (kg) 70.0 (10.1) 70.1 (11.1)  69.3 (9.7) 70.1 (12.2) 0.65 
BMI (kg/m²) 24.0 (3.4) 24.0 (3.3)  23.6 (2.1) 23.8 (2.7) 0.75 
Percentage body fat (%) 22.6 (8.2) 22.4 (9.2)  26.0 (7.7) 25.7 (7.7) 0.96 
VO2max (mLO₂.kg-1.min-1) 38.2 (5.5) 38.0 (7.2)  35.1 (3.1) 34.6 (7.6) 0.91 
Sedentary time (hrs/weekday) 44.3 (6.8)   46.6 (11.3)  0.66 
Physical activity (MET-hrs/week) 19.9 (20.0)   16.8 (16.1)  0.88 
       
All values are mean (SD). BMI, Body mass index; VO2max, Maximum oxygen consumption.  
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4.2 Sedentary behaviour and physical activity  
4.2.1 Actigraph  
There were no significant differences in the bouts (≥ 20 minute or ≥ 30 minute) of 
prolonged sedentary time between CON and PROMPT for both the all-day and the 
working day period, during and after the intervention as measured using the 
ActiGraph.  
There were no significant differences between CON and PROMPT in the time spent 
in sedentary, light or moderate-to-vigorous activity for both the all-day and the 
working day period, during and after the intervention as measured using the 
ActiGraph. In addition, there were no differences in the way that the groups spent 
their time in sedentary behaviour for either wear period during or after the 
intervention (Table 4).  
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Table 4. ActiGraph data describing participant activity during and after the intervention period. 
 CONTROL  PROMPT  
 During Post-Intervention  During Post-Intervention Interaction p-value 
All-day (excluding sleep) 
(n=18: 7 male,11 female) 
     
Total wear time (hrs/day) 14.0 (0.9) 14.1 (0.8)  13.9 (0.9) 13.6 (1.3) 0.56 
Time spent sedentary (hrs/day) 9.5 (0.9) 9.7 (1.1)  9.3 (0.8) 9.4 (1.3) 0.86 
Time spent in light activity (hrs/day) 4.1 (0.8) 4.5 (1.6)  4.1 (0.8) 3.8 (0.9) 0.30 
Time spent in moderate and vigorous activity (hrs/day) 0.3 (0.2) 0.5 (0.4)  0.5 (0.4) 0.4 (0.2) 0.14 
Number of breaks from sedentary time per day 
(breaks/day) 
81.0 (14.0) 85.0 (16.0)  89.0 (11.0) 80.0 (15.0) 0.13 
Number of prolonged sedentary bouts ≥20 mins 
(breaks/day) 
7.0 (2.0) 7.0 (2.0)  6.0 (2.0) 7.0 (2.0) 0.23 
Number of prolonged sedentary bouts ≥30 mins 
(breaks/day) 
4.0 (1.0) 4.0 (1.0)  3.0 (1.0) 4.0 (1.0) 0.08 
Prolonged sedentary time ≥20 min bouts (hrs/day) 4.5 (0.9) 4.3 (1.4)  3.4 (1.0) 4.0 (1.3) 0.15 
Prolonged sedentary time ≥30 min bouts (hrs/day) 3.3 (0.7) 3.0 (1.2)  2.1 (0.8) 2.7 (1.0) 0.09 
Working day (09h00 - 17h00)  
(n=19: 8 male, 11 female) 
      
Time spent sedentary (hrs/day) 6.4 (2.5) 6.4 (1.7)  5.9 (0.5) 6.3 (1.6) 0.73 
Time spent in light activity (hrs/day) 2.5 (0.4) 2.6 (0.8)  2.4 (0.7) 2.3 (0.7) 0.39 
Time spent in moderate and vigorous activity (hrs/day) 0.3 (0.2) 0.3 (0.3)  0.3 (0.2) 0.2 (0.1) 0.47 
Number of breaks from sedentary time per day 
(breaks/day) 
59.0 (24.0) 51.0 (11.0)  53.0 (10.0) 48.0 (9.0) 0.75 
Number of prolonged sedentary bouts ≥20 mins 
(breaks/day) 
6.0 (3.0) 5.0 (2.0)  4.0 (1.0) 5.0 (2.0) 0.17 
Number of prolonged sedentary bouts ≥30 mins 
(breaks/day) 
3.0 (2.0) 3.0 (1.0)  2.0 (1.0) 3.0 (2.0) 0.27 
Prolonged sedentary time ≥20 min bouts (hrs/day) 3.8 (2.3) 3.3 (1.4)  2.1 (0.8) 3.1 (1.7) 0.22 
Prolonged sedentary time ≥30 min bouts (hrs/day) 2.8 (1.8) 2.4 (1.2)  1.4 (0.8) 2.1 (1.6) 0.29 
All data are mean (SD). 
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4.2.2 ActiGraph – working day 
During the intervention period, participants in the PROMPT group spent 69.1±6.4% 
of their working day in sedentary activity which remained unchanged (70.8±10.1%) 
after completing the 10-week intervention (p=0.64). The same participants spent 
27.9±6.0% of their working day in light intensity physical activity during the 
intervention which also remained unchanged (26.7±9.2%) after completing the 
intervention, when no further instructions to interrupt sedentary time were given 
(p=0.74). Participants in the CON group, who did not receive prompts, spent 
68.7±6.9% of their working day in sedentary activity during the intervention, which 
remained unchanged (67.8±10.1%) after completing the 10-week intervention 
(p=0.64). During the intervention period, participants in the CON group spent 
28.5±5.8% of their working day in light intensity physical activity and this remained 
unchanged (28.9±9.7) at the end of the 10-week intervention period (p=0.74). 
 
4.2.3 activPAL – working day 
In contrast to the Actigraph activity monitors, the data analysed from the activPAL 
accelerometers showed that there was a significant difference in the total time spent 
in sedentary activity in the working day, between the CON and PROMPT groups, 
during the intervention period. Participants in the CON group, who did not receive 
prompts to interrupt sitting time, spent more time in sedentary activity (6.7±0.6 
hrs/day) compared to participants in the PROMPT group (5.5±0.5 hrs/day) who 
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received messages instructing them to interrupt sitting time during the 10-week 
intervention (p=0.04). After completing the 10-week intervention, participants in the 
PROMPT group increased their sedentary time (6.1±0.9 hrs/day) while participants in 
the control group reduced their sedentary time (6.2±1.0 hrs/day), however these 
differences were not significant compared to their total sedentary time during the 
intervention (p=0.661) (Figure 6).  
 
Figure 6. Total working day sedentary time (hrs/day) of participants who did not 
receive prompts via a mobile phone (CON; n=7) versus participants who received 
prompts via a mobile phone (PROMPT; n=7) during the 10-week intervention, and at 
post-intervention follow-up (p=0.04). 
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4.2.4 activPAL – all-day 
When looking at the all-day data, during the intervention, the participants in the 
PROMPT group spent less time in sedentary activity (17.8±0.8 hrs/day) compared to 
those in the control group (19.7±0.9 hrs/day) who did not received prompts to 
interrupt sedentary time (p=0.006). After completing the 10-week intervention, 
participants in the PROMPT group increased their sedentary time (19.0±0.4 hrs/day) 
while participants in the control group decreased their sedentary time (19.0±0.4 
hrs/day), however this change was not significant compared to the values during the 
intervention (p=0.581) (Figure 7).  
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Figure 7. Total all-day (including sleep) sedentary time (hrs/day) of participants who 
did not receive prompts via a mobile phone (CON; n=7) versus participants who 
received prompts via a mobile phone (PROMPT; n=7) during and after the 10-week 
intervention. *p=0.006. 
 
4.3 Cardiometabolic outcomes 
4.3.1 Blood pressure 
There was no significant change in systolic BP between baseline (CON; 
109.0±8.1mmHg, PROMPT; 111.0±12.8mmHg) and post-intervention (CON; 
106.1±9.3mmHg, PROMPT; 107.4±8.8mmHg) measurements across the groups 
(p=0.81). Furthermore, in the CON group (n=7), there was no significant change in 
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diastolic BP at baseline (71.1±7.8mmHg) compared to post-intervention 
(68.1±6.1mmHg) measurements (p=0.278). There was, however, a significant 
reduction in diastolic BP in the PROMPT group (n=11) between baseline 
(77.5±9.0mmHg) and post-intervention follow-up (71.8±5.6mmHg) (p=0.022) 
(Figure 8). 
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Figure 8. Diastolic blood pressure of CON and PROMPT participants at baseline and 
post-intervention follow-up (p=0.022).  
 
4.3.2 Blood biomarkers of metabolic health 
There were no significant changes in any of the biochemical markers of metabolic 
health between baseline and post-intervention follow-up for either of the groups. 
Biochemical markers of metabolic health included HDL, LDL, and total cholesterol, 
fasting serum insulin, glucose, triglycerides, and C-reactive proteins (Table 5). 
* 
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Table 5. Participant blood biochemistry at baseline and post-intervention. 
 CONTROL (n=9)  PROMPT (n=10)   
 (4 male, 5 female)  (4 male, 6 female)   
 Baseline Post-Intervention  Baseline Post-Intervention Normal range p-value 
        
Insulin (mIU/mL) 5.3 (1.8) 6.1 (3.1)  6.9 (3.0) 7.0 (3.6) 2.1-10.4 0.67 
HOMA-IR (units) 1.1 (0.4) 1.2 (0.5)  1.5 (0.7) 1.5 (0.9) 1.7-2.0 0.77 
Glucose (mmol/L) 4.5 (0.3) 4.4 (0.4)  4.8 (0.4) 4.8 (0.4) 4.0-5.9 0.93 
Total cholesterol (mmol/L) 4.5 (0.7) 4.6 (0.9)  5.0 (0.8) 4.8 (0.6) 4.5-5.2 0.35 
HDL cholesterol (mmol/L) 1.5 (0.4) 1.5 (0.4)  1.6 (0.3) 1.4 (0.4) 1.0-1.5 0.37 
LDL cholesterol (mmol/L) 2.6 (0.4) 2.6 (0.6)  3.0 (0.9) 2.8 (0.8) 2.5-3.0 0.28 
Triglycerides (mmol/L) 1.0 (0.2) 1.0 (0.3)  1.0 (0.6) 1.3 (0.8) <1.7 0.49 
CRP (mg/L) 2.0 (2.1) 1.8 (1.9)  1.4 (0.8) 2.1 (1.2) 0-5.0 0.33 
        
 All values are mean (SD). HOMA-IR, homeostasis model assessment for insulin resistance; HDL cholesterol, high density 
lipoprotein cholesterol; LDL cholesterol, low density lipoprotein cholesterol; CRP, C-reactive proteins; LPL, lipoprotein 
lipase. 
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4.3.3 Associations of activity on markers of cardiometabolic health 
There were no associations between total sedentary time, time spent in light intensity 
physical activity and MVPA with any of the abovementioned blood biomarkers of 
cardiometabolic health.  
 
4.3.4 Lipoprotein lipase 
There were no changes in serum LPL concentration between baseline (CON, 1.7±1.0 
pg/ml; PROMPT, 1.3±0.8 pg/ml) and post-intervention follow-up measurements 
(CON, 1.3±0.6 pg/ml; PROMPT, 1.2±0.6 pg/ml) (p=0.27) (Figure 9). 
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Figure 9. Baseline and post-intervention follow-up measurements of serum LPL 
concentration in CON and PROMPT groups (p=0.27). 
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CHAPTER 5 – DISCUSSION 
 
 
 
 
 
 
 
 
 
 
 
 
  
  
63 
 
The present study aimed to determine whether prompts delivered via a mobile phone 
were effective in reducing sedentary behaviour during the day in people with 
sedentary occupations, and whether these interruptions in sedentary time were 
associated with improved cardiometabolic health. To my knowledge, this is the first 
time that mobile phones have been used to interrupt prolonged bouts of sedentary 
time in a South African population. The data recorded by the ActiGraph and 
activPAL accelerometers in the present study reported differently on activity 
outcomes such as the total time spent in sedentary activities. The analysis of the data 
from the ActiGraph accelerometers showed no change in total sedentary time, time 
spent in light intensity activity, or time spent in MVPA between the groups during the 
intervention. However, analysis of the activPAL accelerometer data revealed a 
significant change in the total time spent in sedentary activity throughout both the all-
day, and working day period, during the intervention between the control and 
intervention groups. Participants in the intervention group had significantly lower 
sedentary times compared to those in the control group as reported from data 
analysed from the activPAL accelerometers. The present study therefore 
demonstrated a possible feasible and practical method to improve patterns of activity 
behaviours as reported from the activPAL accelerometers, yet this outcome may be 
dependent on the choice of accelerometer. After the intervention, the differences in 
sedentary times between the groups were mitigated, suggesting that the effect of the 
intervention may not be sustained. The study found no differences in anthropometry 
or blood biomarkers of cardiometabolic health after 10-weeks of interrupting 
sedentary behaviour via mobile phone prompts, however participants who received 
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prompts had a significantly lower DBP in compared to their baseline measurements. 
In addition, there were no changes is serum LPL after interrupting sedentary 
behaviour.  
5.1 Differences in sedentary time reported from the ActiGraph and 
activPAL accelerometers  
The present study presented conflicting data as reported by the two accelerometers. A 
reduction in sedentary time was detected from analysis of the activPAL data while no 
change was detected from that of the ActiGraph accelerometer. ActiGraph 
accelerometers have been found to be a reliable measure of physical activity, 
however, their ability to measure sedentary behaviours is dependent on thresholds (or 
activity count cut-points) (Dowd et al., 2012) and to date there is no consensus 
regarding data processing (Atkin et al., 2012). It has been suggested in one study that 
an ActiGraph cut-point of 150cpm (rather than the widely used cut-point of 100cpm 
used in the present study) was the most accurate cut-point to define sedentary 
behaviour (Kozey-Keadle et al., 2011.), however this would not explain the lack of 
difference between groups during the intervention seen in the present study as both 
groups’ data was analysed in the same manner. Moreover, previous studies have 
reported inaccuracies when assessing postural transitions using hip based 
accelerometry (Steeves et al., 2015). In a study which aimed to determine the validity 
of the ActiGraph and activPAL in assessing sedentary behaviours in a free-living 
environment, it was found that the activPAL was superior in accurately and precisely 
monitoring sedentary behaviour and reductions in sitting time compared to the 
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ActiGraph (Kozey-Keadle et al., 2011). In the present study, the type of activity that 
the participant performed may have influenced whether it was detected as sedentary 
or light intensity activity. For example a participant in the intervention group may 
have merely stood up from sitting (to standing) and this would have been recorded as 
an interruption to sedentary time by the activPAL but if the interruption was not 
recorded by the ActiGraph as a break in sedentary time (because of the limitation of 
being worn on the hip) the participant may be considered as still being in sedentary 
behaviour. Conversely, a participant in the control group may have stood up from 
sitting and taken part in light activity (i.e. light walking around) and this may have 
been recorded by the ActiGraph as light activity. The discrepancies thereof may have 
led to the ActiGraph reporting no difference in sedentary time in this study. 
Moreover, the accelerometer placement (hip vs thigh) may have led to differences in 
activity output. However, current data reduction algorithms have been validated for a 
hip worn ActiGraph only and therefore presents a limitation to studies using 
ActiGraphs. In addition, participants are able to remove the ActiGraph 
accelerometers easily, and this may have repercussions on the accuracy of wear-time 
time analyses. In contrast, the activPAL accelerometer has been found to be an 
effective and valid measure of posture and postural transitions during everyday 
activities (Grant et al., 2006) and have been recommended for epidemiological 
studies whereby assessing sedentary behaviour in detail is a primary objective (Owen 
et al., 2010; Bassett et al., 2010; Kozey-Keadle et al., 2011). ActivPAL 
accelerometers are secured to the thigh and are not as easily removed and/or replaced 
compared to the ActiGraph accelerometers. Subsequently, the use of activPAL 
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accelerometers does not rely on subjective reports of wear/non-wear time as these 
devices remain secured to the thigh over a 24 hour period. The use of two 
accelerometers highlighted the complexities of assessing sedentary behaviour and the 
ability to detect changes in lifestyle activities using objective methods. However, 
direct comparisons between ActiGraph and activPAL accelerometers were not 
performed and were beyond the scope of the present study. Future studies should also 
be aware of activity monitor placement when assessing the effects of interrupting 
sedentary behaviour on cardiometabolic health. 
5.2 Interrupting sedentary behaviour and cardiometabolic outcomes 
There are no current guidelines available describing the ideal frequency and duration 
of interruptions in sedentary behaviour in adults (Bond et al., 2014), however 
sedentary behaviour guidelines are of recent interest in high-income countries and are 
being developed predominantly for desk-based employees (Buckley et al., 2015). In 
addition, 24 hour guidelines have been developed, and implemented, for children and 
youth in Canada (Tremblay et al., 2016). A recent study by Bond and colleagues 
aimed to reduce sedentary time in overweight and/or obese individuals using a 
custom-built smartphone application designed to interrupt prolonged sedentary time. 
The study prompted interruptions in prolonged sedentary behaviour and compared the 
effects of three different strategies – i.e. a 3-min break after 30 minutes of continuous 
sedentary minutes; a 6-min break after 60 minutes of continuous sedentary activity, 
and a 12-min break after 120 minutes of continuous sedentary activity. Bond et al. 
found that the shorter, more frequent physical activity breaks (i.e. 3-min every 30 
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minutes) were more effective in decreasing the time spent in sedentary behaviour, 
compared to interrupting sedentary behaviour less frequently with longer physical 
activity breaks (Bond et al., 2014). Additionally, it seems that the deleterious effect 
of prolonged sedentary behaviour may also be more apparent among active 
individuals followed by periods of increased sedentary time (Lyden et al., 2015). 
Recently, researchers found that 7 days of increased sitting in free-living, moderately 
active individuals (>150 min moderate physical activity per week) had a negative 
impact on the markers of cardiometabolic health, and it was concluded that the time 
in prolonged sitting bouts may be an important contributing factor (Lyden et al., 
2015). The present study instructed healthy, but sedentary participants to stand after 
20 minutes of continuous sedentary time during the working day and to complete 
simple tasks, such as walking to a nearby colleague, for a duration lasting 
approximately 45-60 seconds (i.e. interruptions more frequent than those used by 
Bond and colleagues, but of shorter duration). Despite the reduction in sedentary 
activity detected using the activPAL accelerometers, the intervention did not elicit 
any corresponding changes in the blood biomarkers of metabolic health; however the 
markers of cardiometabolic health of the sample population in the present study fell 
within the normal range for a healthy population. This may suggest why, a study that 
assessed the effects of sedentary behaviour/activity modification on health in non-
obese, healthy participants, found little or no difference in cardiometabolic health 
outcomes with postural changes (such as sitting to standing) alone (Bailey & Locke, 
2015). In addition, a randomized control trial that investigated the effect of office 
workers’ sitting time on cardiometabolic biomarkers (including blood pressure, 
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glucose and lipid metabolism, and a composite overall cardiometabolic risk score) 
found slight benefits of interrupting sedentary time on biomarkers of cardiometabolic 
risk, however only after 12 months of intervention – and not for all biomarkers 
(Healy et al., 2017). Nonetheless, the importance of promoting the interruption of 
prolonged sedentary behaviour in healthy populations (young adults) should be 
stated, as a review of current research has found sedentary time has been associated 
with cardiometabolic disease risk and mortality in older adults (de Rezende et al., 
2014). It is also possible that the effects of a predominantly sedentary lifestyle on 
cardiometabolic disease risk may only be evident at a later stage of life. The present 
study did however find a significant reduction in diastolic blood pressure (DBP) in 
participants who were prompted to interrupt their sitting time compared to those in 
the control group. Clinically meaningful reductions of DBP have been previously 
defined as an absolute reduction of DBP of 3 mmHg or more (US Food and Drug 
Administration, 1988). Similar reductions in BP have been reported from 
experimental protocols when interrupting prolonged sitting in an overweight/obese 
population when sedentary time was replaced by either light or moderate intensity 
physical activity (Larsen et al., 2014). It is possible that changes in DBP in the 
present study may have occurred due to the vasodilatory effect of physical activity, 
whereas changes in systolic BP were not evident, as this is representative of the 
contraction pressure of the heart and is not likely to change in young participants.  
Larsen and colleagues concluded that the reduction in BP was likely a result of an 
interplay of several mechanisms, one of which being exercise-induced hypotension 
which involves changes in vascular resistance and cardiac output (Fagard, 1995) that 
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resulted from the displacement of sedentary time with light intensity activity. In the 
present study, there was a trend of increased time spent in light physical activity and 
MVPA in the intervention group, which may suggest that sedentary time was 
displaced by time spent in light or MVPA, however these changes were not 
significant. In addition, when interrupting prolonged sitting time, Bailey and Locke 
found no significant differences between continuous sitting versus interruptions with 
standing or walking for systolic or diastolic blood pressure area under the curve 
(AUC), however a medium effect size was seen for diastolic (Bailey and Locke, 
2015). The authors concluded that more research was needed to further understand 
the effects of interrupting sedentary time on blood pressure.  Our findings suggest 
that interrupting prolonged bouts of sedentary behaviour, via mobile phone messages, 
may have potentially beneficial clinical implications for healthy but sedentary 
individuals at risk of the deleterious effects of a predominantly sedentary workplace 
lifestyle.  
5.2.1 Cardiometabolic health outcomes 
Increased sedentary time has previously been shown to be associated with poor 
metabolic health outcomes which may contribute to the development of metabolic 
syndrome (Kim et al., 2013; Bankoski et al., 2011). One study investigating the effect 
of treadmill-workstations on the health of overweight/obese office-workers found that 
increased standing/stepping time resulted in a reduction of LDL cholesterol and total 
cholesterol, and had a favorable outcome on participants’ overall metabolic profile 
during the study (Thompson et al., 2011). It is possible that no associations between 
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activity behaviours and cardiometabolic health variables were found in the present 
study due to the lack of variation in the markers of cardiometabolic health, as these 
markers fell within the normal range for a healthy population as mentioned 
previously. 
5.3 The mechanisms of prolonged sedentary time on health 
The mechanisms involved in the adverse effects of prolonged sedentary time on 
metabolic health are unclear, however previous studies have reported associations 
between high volumes of sedentary time and the deleterious effect on cardiometabolic 
health (Tremblay et al., 2010; Owen et al., 2010). One of the proposed mechanisms is 
thought to involve muscle LPL. Lipoprotein lipase is an important enzyme involved 
in lipid metabolism. It has been demonstrated that muscle LPL is significantly 
reduced during sedentary activity (Bey & Hamilton, 2003). The association between 
LPL and sedentary activity in humans is not well documented. The present study 
however, found no changes in serum LPL from baseline levels after the 10-week 
intervention. It is probable that changes in LPL concentration can only be detected for 
a limited duration after a bout of exercise. A previous study noted elevated LPL 
concentrations for at least 24 hours after exercise (Kantor et al., 1987) however it is 
possible that these changes can only be detected locally (skeletal muscle tissue) and 
may not be detectable in the serum particularly after a prolonged period of time. 
Future studies investigating the effects of long-term changes in skeletal LPL activity 
may benefit from the use of needle biopsy specimens of skeletal muscle tissue after 
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bouts of activity. Furthermore, it is possible that activities or exercises that recruit 
larger muscle groups may elicit detectable changes in serum LPL.  
5.4 Limitations 
The present study had some limitations that need to be highlighted. Because the first 
measurement of activity took place after the intervention had started, it is not possible 
to conclude that sedentary activity was reduced as a result of the intervention. A 
larger cohort would have been preferable in order to validate associations of 
sedentary behaviour and overall cardiometabolic health between the control and 
intervention groups, and would enable us to perform more powerful statistical 
analyses. The population sample included those who were sedentary, but healthy. 
Future studies could aim to determine the efficacy of a behavioural modification 
intervention on cardiometabolic health outcomes in overweight/obese workers with 
sedentary occupations. The blood biomarkers of metabolic health were analysed 
externally, and therefore the accuracy of these measurements cannot be 
confirmed/verified. Pre-intervention measurements of sedentary behaviour and 
physical activity should have been included to ensure that one of the groups was not 
naturally less active than the other (due to nature of their occupations). Participant 
compliance including accelerometer use, and adherence to the intervention, was 
maintained to the best of my ability through the use of log books and diaries however, 
because it could not be seen whether the participants interrupted their sitting time, it 
is difficult to assume that they remained compliant with the intervention. Sleep 
diaries were inconsistent and sleep times could not be accurately identified. 
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Participants may need to be contacted or reminded in order to obtain accurate sleep 
and wake times.  
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CHAPTER 6 – CONCLUSION 
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In conclusion, the present study demonstrated a practical intervention protocol that 
was able to reduce the amount of sitting/sedentary time (as shown using the 
activPAL) during the day in people with sedentary occupations. In addition, the 
findings from this study highlight the importance and limitations of activity 
monitoring equipment in sedentary behaviour epidemiological research. Interrupting 
prolonged sedentary time via mobile phone messages may be an effective strategy in 
reducing total sedentary time in the workplace, and may elicit clinically meaningful 
reductions in DBP in sedentary individuals. Mobile phones are available to most of 
the South African population which allows for a novel opportunity to utilize these 
devices for sedentary behaviour modification. The intervention did not yield any 
changes in anthropometry or blood biomarkers of cardiometabolic health in a sample 
of healthy participants with sedentary occupations. Nonetheless, it is important for 
effective interventions to be implemented in order to reduce workplace sitting time. 
Future research should focus on effective methods to reduce prolonged sedentary 
behaviour, whereby sedentary workers are able to displace prolonged sitting time 
with physical activity during workplace hours. 
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The hypotheses tested in this dissertation are summarised below. 
Hypothesis Main finding 
Interrupting sedentary behaviour with the 
aid of messages delivered via a mobile 
phone is an effective method of reducing 
time spent sedentary. 
Prompts delivered via a mobile phone were 
effective in reducing sedentary behaviour during 
the day, measured using the activPAL 
accelerometer, but not the ActiGraph, and 
highlights the importance and limitations of activity 
monitors in sedentary research. 
Interrupting sedentary behaviour will 
have a positive effect on the blood 
biomarkers of metabolic health. 
There were no changes in the markers of 
cardiometabolic health between baseline and post-
intervention follow-up. All participants were 
healthy, and the markers of metabolic health were 
within the normal limits. 
Participants who spent less time in 
sedentary behaviour would have better 
cardiometabolic health. 
The present study found no association between 
sedentary time, and physical activity with 
cardiometabolic health variables. However, all 
markers of metabolic health were within normal 
limits. A larger sample size would be preferable to 
further evaluate the association between activity 
behaviours and cardiometabolic health. 
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PHYSICAL ACTIVITY 
 
1.SPORTING ACTIVITIES/EXERCISE DURING A NORMAL WEEK 
1.1 Do you go to gym/sports club or do you participate in any regular physical activity during 
the week (MONDAY TO FRIDAY)? 
 
 
 
 
1.2 How often do you go to gym/sports club or do regular exercise? What type of regular 
exercise do you do in the gym or at the sports club or on your own? How long do you spend 
doing each exercise?  
 
Type of exercise e.g. running, 
spinning weights etc. 
Times per week Minutes/ 
Time 
Intensity 
 Mo
n 
Tue We
d 
Thu
r 
Fri  V. 
low 
Lo
w 
Me
d 
Hig
h 
V. 
hig
h 
            
            
            
            
 
 
 
 
 
Yes=1 
 
No=0 
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2.SPORTING ACTIVITIES/EXERCISE DURING A NORMAL WEEKEND 
2.1 Do you go to gym/sports club or do you participate in any regular physical activity during 
the weekend? (SATURDAY AND SUNDAY)? 
 
 
 
 
2.2 How often do you go to gym during the weekend? What type of regular exercise do you 
do in the gym or at the sports club or on your own? How long do you spend doing each 
exercise?  
 
Type of exercise e.g. running, 
spinning, weights etc. 
Times per 
weekend 
Minutes/Ti
me 
Intensity 
Sat Sun  V. 
low 
Lo
w 
Me
d 
High V. high 
         
         
         
         
         
 
 
 
 
 
 
 
Yes=1 
 
No=0 
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2.3 Do you take part in any sporting events on the weekend e.g. cycle race, running race, 
hiking event etc? 
 
 
 
 
2.4 What type of sporting events do you take part in? How long do they usually last? 
 
Type of exercise e.g. running, 
spinning, weights etc. 
Times per 
weekend 
Minutes/Ti
me 
Intensity 
Sat Sun  V. 
low 
Lo
w 
Me
d 
High V. high 
         
         
         
         
 
Yes=1 
 
No=0 
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3.INFORMAL ACTIVITIES 
 
3.1Do you engage in any physical activity during the day (weekdays and weekend) but NOT 
in a sports club e.g. cleaning, cooking, ironing, moving furniture, gardening etc? What 
activities do you engage in, how often & how long? 
 
Type of exercise e.g. running, spinning 
weights etc. 
Times per week Minutes/ 
Time 
Intensity 
 Mon Tue Wed Thur Fri Sat Sun  V. low Low Med High V. high 
              
              
              
              
 
 
 
4.SLEEP 
1) DURING THE WEEK ON AVERAGE:  
What time do you go to bed? ___________________ Wake up? ______________________ 
 
 
2) ON THE WEEKEND ON AVERAGE:  
What time do you go to bed? ___________________ Wake up? ______________________ 
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5. TRANSPORT 
How do you get to work and how long does it take to get there and back? Please choose one of the 5 
options: 
 
 
BY CAR, BUS, TAXI, TRAIN ETC?  Yes  No    
 
How long to get there? _____________ minutes  How long to get back? _____________ 
minutes 
 
 
WALKING?  Yes No    
  
How long to get there? _____________ minutes  How long to get back? _____________ 
minutes 
 
When you walk, at what pace (how fast) do you usually walk? Please circle: 
 
 
At a vigorous pace, that makes me breathe 
much harder than normal 
 
At a medium pace that makes me 
breathe somewhat harder than 
normal 
 
At a slow pace when there is no 
change in my breathing 
 
 
 
 
BICYCLE?  Yes No     
 
How long to get there? _____________ minutes  How long to get back? _____________ 
minutes 
 
When you cycle, at what pace (how fast) do you usually cycle? Please circle: 
5.1 
5.2 
5.3 
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At a vigorous pace, that makes me breathe 
much harder than normal 
 
At a medium pace that makes me 
breathe somewhat harder than 
normal 
 
At a slow pace when there is no 
change in my breathing 
 
 
 
 
COMBINATION: (E.G. WALKING AND TAXI, BUS AND CYCLE)  Yes No   
  
 
How long to get there walking/cycle? _____________ minutes 
     
How long to get there vehicle? _____________ minutes 
 
How long to get back walking/cycle? _______________ minutes 
 
How long to get back vehicle? _______________ minutes 
 
When you walk/cycle, at what pace (how fast) do you usually walk/cycle? Please circle: 
 
 
At a vigorous pace, that makes me breathe 
much harder than normal 
 
At a medium pace that makes me 
breathe somewhat harder than 
normal 
 
At a slow pace when there is no 
change in my breathing 
 
 
 
 
OTHER?   Yes  No     
 
Please give 
details:__________________________________________________________________________ 
 
5.5 
5.4 
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_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
_________________________________________________________________________________ 
 
 
 
DO YOU DO ANY OTHER SPORTS?  
 
 
 
No. of times 
per week 
 
Minutes / 
Time 
 
Intensity scale 1 – 5. No change in breathing = 1. 
Breathe harder than normal = 5. 
Athletics (track events)  
 
 
 
 
Athletics (field events)  
 
 
 
 
Archery 
 
 
 
 
 
 
Badminton 
 
 
 
 
 
 
Ballet 
 
 
 
 
 
 
Basketball 
 
 
 
 
 
 
Cricket 
 
 
 
 
 
 
Cycling  
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Dancing  
 
 
 
 
Fencing  
 
 
 
 
Golf  
 
 
 
 
Gymnastics  
 
 
 
 
Hockey  
 
 
 
 
Horse riding  
 
 
 
 
Judo/Karate  
 
 
 
 
Netball  
 
 
 
 
Rowing  
 
 
 
 
Rugby (Touch)  
 
 
 
 
Rugby (Contact)  
 
 
 
 
Road running  
 
 
 
 
Volleyball 
 
   
Soccer    
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Squash  
 
   
Swimming  
 
   
Tennis  
 
   
Volleyball  
 
   
Waterpolo  
 
   
 
Other sport? 
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SCREENING GENERAL HEALTH QUESTIONNAIRE 
 
We would like to know about your health. Please answer the questions below 
as accurately as possible. This questionnaire may be filled out electronically 
or you can fill it out by hand. If you fill it in electronically, to tick a box, double 
click the box and under default value select the checked option. Click ok. If 
you need to type, click in the box provided and write as much as is needed. 
Thank you very much for your co-operation. 
 
Your date of birth:  
 
1) Compared to other adults your age, how would you rate your health in the last 
TWO years? Please tick one box. 
  
   
        
 
    
 
 
2) In the last TWO years: 
a) Have you gone to hospital?  Yes   No  
 
b) If yes, what did you go to hospital for?  
 
 
 
Better than others  Worse than others 
Much worse than 
others 
Same as others 
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c) How long did you stay in hospital for?  
 
d) Have you had any surgical procedures in the last year?  Yes  No  
If yes, which procedure did you have? 
 
 
 
 
3) Please tick any illnesses that you may have currently or have had in the last SIX 
months.  
 
                 Illness   How long ago?     Fully recovered? 
Heart attack, stroke                  _______________ Yes  No  
Diabetes Mellitus Type I           _______________ Yes  No  
Diabetes Mellitus Type II          _______________ Yes  No  
Cold                     _______________ Yes No  
Influenza (‘Flu)                     _______________ Yes  No  
High total cholesterol                _______________ Yes  No  
None                     
 
4) Please write down any medication/treatment that you may be on or have taken in 
the last SIX months.   
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5) Do you smoke? 
Yes  No  
 
6) Do you own a cell-phone and/or have access to email? 
Yes  No  
 
 
 
 
 
Please tick the box of the items that you own: 
 
 Microwave    Telephone – Landline  Cellular telephone 
   
 DSTV, Top TV   Car How many?   Formal housing 
 Washing machine   Fridge    Indoor toilet 
    
 Indoor water   Video machine/DVD player  Television 
 Electricity    Dishwasher   Computer 
 How many adults (over 18) in your family? 
 
Highest level of education? Please tick the box: 
 
 High school 
 Matric 
 College  
 University 
 
THANK YOU FOR TAKING THE TIME TO COMPLETE THIS QUESTIONNAIRE 
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Information Sheet 
Sedentary behaviour patterns and the effects of breaking up sedentary time on 
cardiometabolic health in South African office workers. 
Good day,  
My name is Jason Dunning and I am a Masters student at the University of the 
Witwatersrand.  
My co-investigators (Dr. Rebecca Meiring and Dr. Joanne McVeigh) and I are interested in 
determining how sitting for too long influences your health. I would therefore like to invite 
you to participate in my research project.  
If you would be interested in participating in this study, please read the following information 
carefully before signing the consent form.  
We would kindly like to ask you to visit the Exercise Physiology Laboratory at Wits Medical 
School at a time convenient to you at the start of the study and once again after a 10 week 
period. At this visit, you will be asked to complete a short general health and physical activity 
questionnaire which will give us an idea of your recent state of health and activity level. We 
will also ask you to complete another questionnaire which will give us an indication of how 
much time you spend sitting during the week. Information from these questionnaires will 
allow us to determine whether you are eligible to take part in this study. If so, we would then 
like to measure your height, weight and body fat percentage. We would also like to ask you 
to take part in a fitness assessment which involves walking on a treadmill, while we increase 
the incline (at a constant speed), until you are too tired to continue. This assessment will give 
us an indication of your current physical fitness.  
We will also look at the condition of your arteries using a technique which uses ultrasound. 
The procedure involves lying down for a few minutes while we scan the artery in your upper 
arm. The procedure also requires an inflated cuff placed over the forearm for 5 minutes. The 
cuff, when deflated, will create a large increase in blood flow and we will be able to see how 
well the artery is able to dilate in response to this stress. The information from this scan will 
allow us to assess the health and function of your arteries. This may be slightly 
uncomfortable and you may experience a “pins and needles” feeling in your arm but this 
discomfort is generally considered minimal. If you do not feel comfortable with this 
procedure you may choose to stop at any time.  
If you are willing, we would like to take a small (15ml) blood sample on the morning of your 
arrival to the lab (after an overnight fast). This sample will be collected by a qualified nurse. 
From this sample we will determine blood glucose and cholesterol levels as well as other 
markers of metabolic health.  
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The entire visit to the lab should last approximately 1.5 hours.  
We would also like to ask you to wear a small device on your hip for seven days. This small 
device which is about the size of a watch will measure your daily activity levels. We will ask 
you to remove the monitor only when bathing/showering or during swimming activity 
otherwise we would like you to wear the device for 24 hours a day. The device can be worn 
discreetly underneath your clothing. I will arrange to collect the activity monitor from you at 
the end of the seven days.  
Once you have come in for the pre-screening measures, we will be allocating you into one of 
two groups (control or intervention). This allocation will be done randomly and I will not 
know which group you have been put into. Depending on which group you are put into, for 
the next 10 weeks during your work day, you may be asked (via SMS, email or computer 
notification) to try and break up the amount of time you spend sitting. You will be notified 
every 20 minutes between 08h00 and 17h00 to perform short tasks (for example: stand up 
when answering phone/reading emails; take a short walk to fetch water; walk to the nearest 
elevator/window). At some point during the 10 weeks, you will be asked to wear an activity 
monitor again for seven days, at a time convenient for you. After the 10 week period we will 
kindly ask you to come back to the lab for a final assessment and repeat the 
measurements/procedures done at your first visit.  
You will receive a report back of your results on conclusion of the study and the findings of 
the study will be made available to you only, should you be interested. 
 
Please note, you may withdraw your participation at any stage during the study without 
any prejudice. All results will be kept confidential and will be made available only to the 
researchers involved in the study and yourself. Anonymity will be ensured throughout. All 
data will be analysed and the results will be published in a research paper written for the 
scientific community. We have received approval for this study from the Human Research 
Ethics Committee of the University of the Witwatersrand.  
Thank you for considering participation in this study. Please read the above information 
before signing the consent form. If you have any questions, please feel free to contact me.  
Jason Dunning (investigator) - contact details:  
 Tel: 072 588 8173  
 Email: Jason-dunning@hotmail.com  
 
*If you have any doubts to your rights as a participant please feel free to contact Ms 
Zanele Ndlovu or Mr Langutani Masingi, Medical School, Parktown, Phillip Tobias 
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Building, 2nd Floor, Cnr York Road and Princess of Wales Terrace, Mon-Fri 08h00-
17h00 Tel: 011-717-1234/1252/2700 or Room SH1005, 10th Floor 
PARTICIPANT CONSENT FORM 
 
I, _______________________________________________(name and surname) consent to 
participate in the research project entitled: “Sedentary behaviour patterns and the effects 
of breaking up sedentary time on cardiometabolic health in South African office 
workers”. 
The procedures/questionnaires have been explained to me and I understand and appreciate 
their purpose, any risks involved, and the extent of my involvement. I have read and 
understand the attached information sheet. 
I understand that all experimental procedures have been sanctioned by the Committee for 
Research on Human participants, University of the Witwatersrand, Johannesburg. 
I understand that my participation is voluntary and I am free to withdraw from the project at 
any time without prejudice. 
 
____________________________   ___________________________ 
Participant name and signature   Date 
 
_____________________________   ___________________________ 
Investigator name and signature   Date 
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